Mi protein encoded at the mouse microphthalmia (mi) locus is a transcription factor with a basic helix-loop-helix/leucine zipper structure. To assess the function of the human homolog of Mi protein, termed microphthalmia-associated transcription factor (MITF), we analyzed the effects of MITF on the promoter function of the mouse tyrosinase and tyrosinase-related protein 1 (TRP-1) genes. These two gene promoters are able to direct transcription preferentially in melanin-producing cells, and an enhancer element M box of 11 bp, containing a CATGTG motif, is conserved in both promoters. By transient expression assays, we have localized the cis-acting element of the tyrosinase gene responsible for pigment cell-specific expression to the proximal 82-bp region, which contains a CATGTG motif (positions-12 to-7) but lacks the M box (positions-107 to-97). We also provide evidence that the 82-bp region and the M box are involved in the transactivation of the tyrosinase promoter by MITF and that the M box is bound by MITF in vitro. Furthermore, MITF activated the TRP-1 gene promoter possibly through the M box (positions-44 to -34) . These results suggest that MITF is a common factor regulating transcription of the pigment cell-specific genes.
Melanin, a principal pigment found in mammals, plays an essential role in the protection against damage caused by ultraviolet light. The rate-limiting steps of melanin biosyn thesis are catalyzed by tyrosinase [EC 1.14.18.1] , a multi functional copper-containing enzyme (1) , which catalyzes the conversion of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and of DOPA to DOPAquinone (2, 3) . Tyrosinase related protein 1 (TRP-1), sharing about 40% amino acid identity with tyrosinase, is another enzyme in the melanin biosynthetic pathway, catalyzing the conversion of 5,6-di hydroxyindole-2-carboxylic acid to indole-5,6-quinone carboxylic acid (4) . Both tyrosinase and TRP-1 are specifically expressed in melanin-producing cells, such as melanocytes and retinal pigment epithelium, which are derived from the neural crest and optic cup of the brain, respectively. The cell-type-specific promoter function of An enhancer element M box, AGTCATGTGCT, was originally identified in the mouse TRP-1 gene promoter (8) and is also conserved in both mouse and human tyrosinase gene promoters. The TRP-1 M box (positions-44 to-34) was suggested to be required for pigment cell-specific transcription of the TRP-1 gene (8, 9) . A CANNTG motif, known as the E box, is the consensus sequence of the binding site for a large family of transcription factors with a basic helix-loop-helix (bHLH) structure (10, 11). The bHLH structure is required for DNA binding and dimeriza tion of transcription factors. Within the proximal 270-bp region of the mouse tyrosinase gene, there are two copies of a CATGTG motif (-104 to-99 and-12 to-7). The former motif represents a portion of the M box (-107 to -97) and the latter is known as initiator E box . and inner ear, a defect of mast cells and osteopetrosis possibly caused by the dysfunction of osteoclasts. Thus, Mi protein was predicted to be a transcription factor that is also involved in differentiation of several cell lineages, including melanoblast, a precursor to melanocyte. The expression of the mouse mi gene is detected in restricted tissues, such as melanocytes, heart, mast cells, and the outer layer of retina (13). Subsequently, the human homolog of Mi protein was cloned and was termed micro phthalmia-associated transcription factor (MITF) (15). We have shown that MITF transactivates the human tyrosinase promoter mainly through the tyrosinase distal element (positions -1861 to -1842) that is responsible for melanocyte-specific transcription of the human tyrosinase gene (16). It was also reported that Mi protein activates the mouse tyrosinase gene promoter (17) and the human tyrosinase promoter (18). However, the DNA-binding activity of MITF and the cis-acting element of the mouse tyrosinase gene responsible for transactivation by Mi protein were not determined.
In this report, to further explore the functional prop erties of MITF, we examined the effects of MITF on transcription of the mouse tyrosinase and TRP-1 genes. Using transient transfection assays, we show that the 82-bp proximal promoter region of the tyrosinase gene is suffi cient to direct pigment cell-specific transcription and that the initiator E box (-12 to -7) may be responsible for transactivation by MITF. Furthermore, we show that MITF fused to glutathione-S-transferase (GST) can bind to the CATGTG motif (-104 to -99) of the tyrosinase M box. In addition, MITF activates the mouse TRP-1 gene promoter mainly through the M box. These results suggest that MITF is a common regulator for transcription of the tyrosinase and TRP-1 genes. Within the 270-bp promoter region of pMTL1, several potential binding-sites for the transcription factors were identified by searching the transcription factor database ( Fig. 2A) , including the three CANNTG motifs (nucleotide positions -214 to -209, -104 to -99, and -12 to -7). To identify a cis-acting element(s) responsible for pigment cell-specific expression of the mouse tyrosinase gene, we performed the deletion analysis of its promoter region in B16-Fl mouse melanoma cells and NIH3T3 mouse fibro blasts (Fig. 2B) . Expression of mi mRNA was detectable in B16-Fl cells but not in NIH3T3 fibroblasts (data not shown). In this series of experiments, the relative lucifer ase activity was shown as the ratio to the normalized values obtained with pMTL4. The fusion gene pMTL2, containing To investigate whether MITF binds to the M box, we performed gel mobility shift assays using the wtl oligonu cleotide representing mouse tyrosinase promoter region (-114 to -94) as a probe. GST-MITF fusion protein was produced in E. coli and purified on an affinity column. As shown in Fig. 4 , the specific DNA-protein binding activities were detected as three retarded bands (lane 2). These three bands were possibly caused by partial degradation of GST-MITF fusion protein, because the properties of these binding activities are nearly identical as seen in competi tion assays (lanes 3-8) . The mtl oligonucleotide with a disrupted CATGTG motif (Fig. 4B) showed no competition for protein-binding, indicating that the DNA-binding activ ities of GST-MITF fusion protein depend on the CATGTG motif. It should be noted that the mt2 oligonucleotide with an intact CATGTG motif competed for protein-binding less efficiently than did the wtl oligonucleotide (lanes 3, 4, 7, and 8), indicating that the sequences adjacent to the CATGTG motif are also important for efficient protein binding. These results suggest that MITF binds to the As a first step to explore the effect of MITF on TRP-1 gene expression, we performed functional analysis of the TRP-1 gene promoter containing the M box (positions -44 to -34) to look for the cis-regulatory element, which is able to confer preferential expression of a reporter gene in MeWo melanoma cells (Fig. 5A) . In this series of experi ments, the relative luciferase activity shown was a ratio to that of pMTRPL5 containing the 83-bp TRP-1 promoter, whose expression was similar in both MeWo and HeLa cells. The deletion studies suggested that two positive segments are located between positions -311 and -216 and between positions -133 and -113. In particular, the latter segment seems to be responsible for preferential expression of a reporter gene in pigment cells. On the other hand, the expression of pMTRPLO-3 was noticeably lower in HeLa cells than in MeWo cells, although the expression of pMTRPLO-3 and pMTRPL5 was similar in MeWo cells. Thus, the segment between positions -113 and -83 seems to reduce the expression of a reporter gene in HeLa cells but not in MeWo cells.
ssion on the TRP-1 pro moter activity was then studied in HeLa cells (Fig. 5B) . MITF noticeably increased the expression of the TRP-1 constructs containing the M box, but not the expression of pMTRPLFP2 lacking the M box, suggesting that MITF is able to transactivate the TRP-1 gene promoter through the M box. However, the magnitude of activation was much smaller compared to the tyrosinase promoter (see Fig. 3B ). It is noteworthy that the 83-bp promoter region of pMTRPL5 shows significant activation by MITF, although this region is not required for pigment cell-specific reporter expression. DISCUSSION We have shown that MITF transactivates the tyrosinase and TRP-1 gene promoters, suggesting that MITF is a common factor involved in the transcriptional regulation of the pigment cell-specific genes. It was also suggested that the CATGTG motif of the M box is specifically bound in A B vitro by MITF. However, there are remarkable functional differences in the M box between the mouse tyrosinase and TRP-1 genes: namely, MITF activates the TRP-1 gene promoter through the M box (Fig. 5B ), but the tyrosinase M box is not essential for transactivation by MITF (Fig. 3) . Furthermore, the present study rather suggested that the M box of either the tyrosinase or TRP-1 gene functions as an enhancer, but is not a key cis-acting element required for pigment cell-specific transcription of each gene. We suggest that the initiator E box of the mouse tyro sinase gene is mainly responsible for its pigment cell -specific promoter activity (Fig. 2B) and for transactivation by MITF (Fig, 3) . In this context, Gauss et al. have performed functional analysis of the 270-bp mouse tyro sinase promoter region in transgenic mice and found that disruption of the M box had only a small effect on its expression (31) , suggesting the importance of the initiator E box in promoter function. The mouse tyrosinase gene has two transcription initiation sites (residues -52 and 1) (20, 32), and thus the initiator E box is located in the exon 1 of some transcripts. It is therefore conceivable that the M box may be responsible for activation by MITF under certain conditions, as seen in Fig. 3B .
Ganss et al. identified a pigment cell-specific enhancer element of 200 bp, located about 12 kb upstream from the transcription initiation site of the mouse tyrosinase gene (33) . Using transgenic mice and transient expression assays, they showed that this far-upstream element func tions as a strong cell-specific enhancer and is required for the faithful expression of the tyrosinase gene in vivo. Interestingly, this 200-bp enhancer region contains two copies of a CANNTG motif (33) . The presence of the far-upstream enhancer sequence in the mouse tyrosinase gene is consistent at least in part with the fact that the human tyrosinase gene contains a pigment cell-specific enhancer, tyrosinase distal element (positions -1861 to -1842) (21) . It is therefore conceivable that the lower magnitude of activation of the mouse tyrosinase gene promoter by MITF may be due to a lack of the far upstream element in the fusion genes (see Fig. 1 ). It is of interest to study whether the initiator E box may act synergistically with the upstream enhancer element. These studies will help us to understand the mechanism by which the tyro sinase gene is transcribed in a pigment cell-specific mariner.
In addition to the M box (positions -44 to -34), there are three potential cis-acting segments in the mouse TRP-1 gene promoters, which are located between positions -311 and -216, -133 and -113, and -113 and -83 (see Fig.  5A ). The segment (positions -311 to -216) includes the positive element reported by Yavuzer and Goding (9) and may coincide with the binding site, GTGTGA (-236 to -231) , for MSF (melanocyte-specific factor). The cis acting elements (positions -133 to -113 and positions -113 to -83) were newly identified . The former element seems to be involved in pigment cell-specific expression, while the latter reduced the expression of a reporter gene in HeLa cells but not in MeWo cells. On the other hand, in vitro transcription assays revealed that the small DNA segment (positions -34 to +158), lacking the M box, was able to direct pigment cell-specific transcription (24). Such a difference may be due to the sensitivity of the assay conditions or may rather represent the presence of multiple cis-acting elements involved in pigment cell-specific tran scription. Interestingly, it turned out that the small DNA segment used for in vitro transcription assays contains another binding site (-1 to +5) for MSF. Thus, the mouse TRP-1 gene promoter consists of various cis-acting ele ments which act in concert to direct its pigment cell-specific transcription. Such a complex organization of the promoter region suggests the involvement of multiple factors in transcriptional regulation of the TRP-1 gene, which may be a reason at least in part why MITF overexpression leads to a small magnitude of activation compared to the tyrosinase gene. Indeed, the M box of the mouse TRP-1 gene was shown to be bound by USF, ubiquitously expressed tran scription factor with a bHLH/LZ structure (9). These results also suggest that transcription of the TRP-1 gene 
